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Mng FIG. 6 is shown with a 
iprA) of solder ballsj£2-en~lfie 

bstrate. Thus^h@^emcondl^et^/n / 
I to anotbjer^substratj 

| of filming ttyfe Sfcrfii<ionaft£:to'r 
jandyfe, the gel elastomer layer 70 
\1S pf the semiconductor dig 
pie Attachment sur^aeer^Sof the 

rawing FIGS. 5 and 6, overpres- 
| interface is eliminated by the 
I elastomer. Simultaneously, the 
M: the filled gel elastomer main- 
irom the device. 

skilled in the art that vario 
|nay be made to the method^ndy 
|] as disclosed herein witooitf \ 
[and scope of the invent©^ as \ 
iims. / 1/ 30 

pably comprising: 

^ace; 

)Qg a plurality of edges, an active 
je surface, the semiconductor die 
|e back side surface adhesively 
i of the substrate; 

1 covering a portion of the sur- 
the plurality of edges of the 
P a portion of the active surface 
lie; and 

portion of the active surface of 
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^sembly of claim 1, wherein the 45 
ky of fins thereon, 
jnbly comprising: 

Urality of circuits on a surface 

ping a plurality of bond pads 50 
|rface thereof and having a back 

connecting the plurality of bond 
•tor die to the plurality of circuits 



4. The semiconductor assembly of claim 3, wherein the 
heat sink cminciud^s a plurality of fins thereon. 

icoiiductbr assembly of claim 3, wherein the 
rpggH adhesive ijdled gel elastomer includes a cross- 
fed silicone. 

^emjcbn^H^tor assembly comprising: 
subSfratp^laving a plurality of electrical connections on 
fffaee thereof; 

itt least one semiconductor die having a plurality of bond - 

pfcds on an active surface thereof and having a back side 
\ surface, a portion of the back side surface adhesively 



Jtafched to a portion of the surface of the substrate; 
ja plurality of wire bonds connecting the plurality of bond 
g pads of the semiconductor die to the plurality of 

electrical connections of the substrate; 
an encapsulant material covering a portion of the surface 
of the substrate, ihe plurality of bond pads on the active 
surface of the semiconductor die, a portion of the active 
surface of the semiconductor die, and the plurality of 
wire bonds; and 

a heat sink attached to a portion of the active surface of 
the semiconductor die. 

7. The semiconductor assembly of claim 6, wherein the 
heat sink includes a plurality of fins thereon. 

8. A semiconductor assembly comprising: 

a substrate having a surface having a plurality of circuits 
thereon; 

a semiconductor die having a plurality of bond pads 
located on an active surface thereof and having a back 
side surface; 

a plurality of solder balls connecting the plurality of bond 
pads of the semiconductor die to the plurality of circuits 
of the substrate; 

a metal filled cross-linked silicone compliant adhesive 
filled gel elastomer contacting a portion of the back 
side surface of the semiconductor die; and 

a heat sink cap having a portion thereof in contact with a 
portion of the metal filled cross-linked silicone com- 
pliant adhesive filled gel elastomer, the heat sink cap 
enclosing the metal filled cross-linked silicone compli- 
ant adhesive filled gel elastomer, the semiconductor 
die, the plurality of solder balls, and at least a portion 
of the substrate. 

9. The semiconductor assembly of claim 8, wherein the 
heat sink cap includes a plurality of fins thereon- 
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onto the top of the heat sink fins 
themselves. 

(8) However, although heat sinks are 
effective in removing heat generated by 
a semiconductor die, attaching the heat 
sinks to the dies, or packages in a 
thermally efficient manner presents 
difficulties for semiconductor package 
designers. For example, FIG. IB shows a 
cross-sectional view of a conventional 
encapsulated semiconductor package. The 
package 100 comprises a package 
substrate 102 having a plurality of solder 
balls 112 mounted to its lower 

surface. Solder balls 112 are used for 

providing electrical connection to a 

printed circuit board (not shown) . A 

semiconductor die 106 is mounted to the 

upper surface of the package substrate 102 

by a die attach material, such as 

epoxy, 114. Electrical connection between 

the circuit elements on the active 

surface of the die 106 and conductive traces 

on the package substrate 102 are 

provided by bond wires 108. An encapsulant 

104 covers the die 106 and bond 

wires 108 in order to prevent damage to the 

package when it is handled and 

installed on the printed circuit board. 

This type of packaging is sometimes 

referred to as "glob-top" packaging due to 

the presence of the encapsulant 104. 

This type of packaging is desirable due to 

its low cost, however, the thermal 

performance of encapsulated packages are 

poor because the encapsulant 104 has a 

low thermal conductivity which prevents good 

heat transfer between the 

semiconductor die 106 and a heat sink which 
may be attached to the package. 

(9) One solution to the above problem is 
to provide a direct connection 

between the heat sink and the semiconductor 
die. This can "be"" accompli shed by 
the use of "flip-chip" packaging. A 
cross-sectional view of a conventional 
flip-chip package is shown in FIG. 2. In 
this case, the package 200 includes a 
package substrate 202 having a number of 
electrically conductive solder balls 
206 formed on its lower surf' ace To provide 
electrical contact between the 
package 200 and a printed circuit board (not 
shown) . A semiconductor die 210 
is mounted to the upper surface of the 
package substrate 202 by a number of 
solder bumps 214 which are formed on bond 
pads on the active surface of the 
semiconductor die 210. 



material 212 is provided to encapsulate 
and protect the solder bump;? 214. [ 



Thus, it 
is noted that unlike the 

encapsulated package shown in FIG. IB where 
the active surface of the die faces 
away from the package substrate, in a 
flip-chip package the active surface of 
the die is "flipped" so that it faces the 
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the heat sink 100 includes a base 
member 102****** having a base surface 103 which 
is attachable to a corresponding 
surface of the semiconductor package. Heat 
sink 100 is also provided with a 



heat dissipating surface 105. 



In this cas 



the surface 105 includes fins 
104a, 104b, 104c and 104d which provide 
greater surface area for convection 
cooling. I 



Other designs include a plurality 
of cooling pins which rise from the 
base member. Numerous types of pins are 
known in the art having cross-sections 
of various shapes. Forced convection may be 
provided by a fan which passes air 
over a circuit board to which the packaged 
semiconductor is mounted, or, in 
some cases, a fan may be mounted directly 
onto the top of the heat sink fins 
themselves. 

(8) However, although heat sinks are 
effective in removing heat generated by 
a semiconductor die, attaching the heat 
sinks to the dies, or packages in a 
thermally efficient manner presents 
difficulties for semiconductor package 
designers. For example, FIG. IB shows a 
cross-sectional view of a conventional 
encapsulated semiconductor package. The 
package 100 comprises a package 
substrate 102 having a plurality of solder 
bails 112 mounted to its lower 

surface. .?5i^£^_t^ii.? 112 are used f° r 

providing electrical connection to a 

printed circuit board (not shown) . A 

semiconductor die 106 is mounted to the 

upper surface of the package substrate 102 

by a die attach material, such as 

epoxy, 114. Electrical connection between 

the circuit elements on the active 

surface of the die 106 and conductive traces 

on the package substrate 102 are 

provided by bond wires 108. An encapsulant 

104 covers the die 106 and bond 

wires 108 in order to prevent damage to the 

package when it is handled and 

installed on the printed circuit board. 

This type of packaging is sometimes 

referred to as "glob-top" packaging due to 

the presence of the encapsulant 104. 

This type of packaging is desirable due to 

its low cost, however, the thermal 

performance of encapsulated packages are 

poor because the encapsulant 104 has a 

low thermal conductivity which prevents good 

heat transfer between the 

semiconductor die 106 and a wnic n 
may be attached to the package! 



(9) One solution to the above problem is 
to provide a direct connection 
between the heat sink and the semiconductor 
die. This can be accomplished by 
the use of "flip-chip" packaging. A 
cross-sectional view of a conventional 
flip-chip package is shown in FIG. 2. In 
this case, the package 200 includes a 
package substrate 202 having a number of 
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Thus, the thermal conductivity of the 
thermally conductive elastomer limits the 
overall ability to dissipate ohmic heat. 

(5) Typical thermally conductive 

elastomers contain a ceramic filler such as 

boron nitride or alumina in an elastomer 

matrix. The alumina is generally in 

the form of irregularly shaped 

. alpha. -alumina particles. The elastomers 

used 

are usually urethane or silicone based. 
While these materials are adequate in 
many instances, there is a constant demand 
for thermally conductive elastomers 
with improved thermal conductivity and 
electrical insulating properties. 



H 



(6) 



SUMMARY OF THE INVENTION 



(7) The invention provides filled 
thermally conductive electrically 
insulating elastomers of improved thermal 
conductivity using alumina platelets 

as the filler. 

(8) In one aspect, the invention 
encompasses a thermally conductive 
electrically insulating filled elastomer 
composition comprising an elastomer 

and filler, the filler comprising alpha 
alumina platelets. 

(9) The platelets preferably average less 
than one micron in thickness and 
preferably have an average aspect ratio of 
at least about 5:1. Preferably the 
elastomer composition contains at least 
about 70 wt% alumina platelets. 



(10) 



DETAILED DESCRIPTION OF THE INVENTION 



(11) The compositions of the invention 
generally comprise an elastomer and 
alpha alumina platelets as a thermally 
conductive filler. 

(12) The elastomer may be any known 
compatible elastomer such as silicones, 
styrene-containing block copolymers, 
olef in-containing block copolymers, and 
the like. 



The elastomer may be a I 
crosslinkable block copolymer if desi] 

(13) Silicone elastomers are prefer; 
formed from a silicone gum which i 
crosslinked using a catalyst. 



An example of 
a suitable silicone gum is sold 
under the name "Silastic. RTM. 4-2765" by 
Dow Corning, Inc. A peroxide 
catalyst: 2,5-dimethyl 2,5-bis (t-butyl 
peroxy) hexane 50% on CaCO.sub.3 sold 
by R. T. Vanderbilt as Varox.RTM. DBPH-50 
is an example of a suitable ■ 
catalyst. 

(14) Preferred block copolymers are 
thermoplastic rubbers such as Kraton.RTM. 
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THERMALLY CONDUCTIVE ELASTOMER 
CONTAINING ALUMINA PLATELETS 



BACKGROUND OF THE INVENTION 



peroxide catalyst: 2,5-dimethy 
hexane 50% on CaCOj sold by 
rox ® DBPH-50 is an exampl 
Preferred block copolymer 
ben such e* Kreton ® OM657; 
butylene^tyrtne block copol;' 
rubber ratio of I 1/87) sold by 
Preferred crosilmkablc bk> 
moplastic rubber* such %s Y 



. Many 

poaenta, especially semiconductor components, are 
prune to breakdown at high temperatures. Thus* the 
ability to dmipate heai ia a firm ring factor on the perfor- 
mance of the component. 20 

High thermal conductivity metal heat rinks* because 
of their' high electrical conductivity, cannot he directly 
contacted with electronic composes:). Therefore, ther- 
mally conductive elastomer materia: is used as a ther- 
mally conductive, electrically Insulating Interface be* 25 
tween the electronic component and the metal heat 
sink. The thermal conductivity of thermally coaductive 
elastomer is generally much lest than that of the metal 
heat sink. Thus, the thermal conductivity of the ther- 
mally conductive elastomer limits the overall ability to SO 
dissipate ohmic heat 

Typical thermally conductive elastomert contain a 
ceramic filter auch aa boron nitride or alumina in an 
elastomer matrix. The alumina ts generally in the form 
of irregularly shaped a-eiumina particles. The elasto* 35 
men used ire usually urethane or silicone based. While 
these materials are adequate in many instances, there h 
a com tant demand for thermally conductive elastomers 
with improved thermal conductivity and electrical insu- 
lating properties 

SUMMARY OF THE INVENTION 

The invention provides filled thermally conductive elastomer and any auxiliary 
electrically insulating elastomers of improved thermal residual solvents, piastuixers; 
conductivity using alumina platelets as ihe filler, 45 »ppn>pate conventional ad> 

In one aspect, the invenrioa encompasses a thermally mted mi© the competition, 
conductive electrically insulating flEed elastomer com- G^** elastomer compc 

position comprising an elastomer and filler, the filler thermal conductivity of at la; 
comprising alpha alumina platelets, sec-cm-X, more preferably » 

The platelet* preferably average leu than one micron 50 cai/'*ec-cn>K. The thermal cc 
in thickness and preferably have an average aspect ratio type of elastomer mod. 5J: 

of at least about fci. Preferably the elastomer composi- 
tion contains at least about TO wtfe alumina ptetefcta. 



Thermally conductive elastomers are elastomeric 
materials which contain a thermally conductive filler. 
They are primarily used in electronics applications in 
instances where good thermal conduction and electrical 

Insulation art needed in the same material. For example, 10 Kraton $ RP-6S01 sold by s: 
« thermally conductive elastomer may be used as an rubbers axe styrene/clefht d*m j 
btcrfroe between a semiconductor electronic compo- G-1901-X hat carboayl groui 
nest and a metal heal sink. ethcxysilasol groups, lu ox dei 

Many electronics designs and application* are linked crosslinking agent and a cross! 
by the ability to dintpate ohmic heat generated during 15 ably combined with the era; 
the operation of the electronics, Many electronic com- preferred erosslmking agent it 

thoxyzaethylmelamine} sold b* 
preferred croaslinlring catalyst; 
$00 (aromatic sulfonic acid) 
Cyanamid. For RP-6501, dibv 
ferred catalyst 

The thermally conductive f 
mine platelets. Other thermal 
be used in conjunction with tfc 
ever, composition* having alu | 
thermally conductive filler ar| 
preferably have an average 
microns (smaller diameters ini 
ferred) and an average thick* 
croa. The platelets also pret 
aspect ratio (diameter : thickr 
The platelets may be obtained 
formed by any known proces 
The proportion of alumina j 
position may vary depending 
desired thermal conductivity, 
desired, etc. Generally, the 
creases with the proportion ol 
4j) tics. Preferably the composlil 
60 platelets more pre: j 
wt.%. The balance of the cos 



ally provide higher thermal < ; ; 
abo«3Jxl0-»cal/sec-cnvr S 



DETAILED DESCRIPTION OF THE 
INVENTION 



The fifled elastomers may I] ; 
tional method la any conve 
methods include those ditch* 
tion* Ser. Ho, 07/705,275 at 
incorporated herein' by refer i 
vdve the formation of an mft 



The compositions of the invention generally com- 
prise an elastomer and alpha alumina platelets aa a ther- 
mally conductive filler. 

The elastomer may be any known compxtibk elasto* 60 elastomer and the filler. The i 
mer such aa silicones, styrcnc-eont&inmg block oopcly- on its consistency) may then 
mars, olefin-eantaining block copolymers, and the like. and then heated and pressed. 
The elastomer may be a crosslinkable block copolymer mixture may be dried and th 
if desired. heat and pressure. The drying 

r SllioQpe elastomers are preferably formed from a £5 the initial mixture does not ct 
Silicone gum which is crBSslinked using a catalyst. An The Invention U further HI 
example of a suitable silicone gum is sold under the cxemplee, The mveation is nc 
name "Silastic® 4*2765" by Dow Coming, loc. A process steps or results given: 



i 



